Very little systematic information exists on the occurrence and concentrations of 32 antimony (Sb) in consumer products. In this study, a Niton XL3t field portable-x-ray 33 fluorescence (FP-XRF) spectrometer was deployed in situ and in the laboratory to 34 provide quantitative information on Sb dissipated in plastic items and fixtures 35 (including rubber, textile and foamed materials) from the domestic, school, vehicular 36 and office settings. The metalloid was detected in 18% of over 750 products analysed, 37 with concentrations ranging from about 60 to 60,000 g g -1 . The highest 38 concentrations were encountered in white, electronic casings and in association with 39 similar concentrations of Br, consistent with the use of antimony oxides (e.g. Sb2O3) 40 as synergistic flame retardants. Concentrations above 1000 g g -1 , and with or without 41 Br, were also encountered in paints, piping and hosing, adhesives, whiteboards, 42
intensities using mathematical equations that tie together the physics of the interaction 136 of x-rays with sample components, and has a wide dynamic range that is independent 137 of the size and shape of the surface (Bosco, 2013) . Concentrations of Br and Cl were 138 also recorded during sample analyses, as indicators of the presence of halogenated 139 flame retardants and polymer chlorination (and polyvinyl chloride, PVC). 140
141
Because plastics are composed of light elements that are weak absorbers and 142 relatively strong scatterers of x-rays, below a critical thickness the measured intensity 143 of characteristic x-rays will be dependent on both the analyte concentration and the 144 depth of the sample. For polyethylene, for example, the critical thickness is about 9 145 mm while for PVC the presence of chlorine results in a corresponding thickness of 146 around 5 mm; for polymers containing heavier elements, including Sb and Br, critical 147 thickness depth is reduced compared with that of the pure material. In the plastics 148 mode, the Niton XL3t incorporates a thickness correction algorithm down to 50 m 149 that employs a compensation for mass absorption based on Compton scatter so that 150 variations in density are factored in. Although the corrective algorithm is embedded in 151 the fundamental parameters code and inaccessible to the user, it has been empirically 152 8 comprising counting periods equally distributed between a low energy range (20 kV 178 and 100 A) and main energy range (50 kV and 40 A). Spectra were quantified by 179 fundamental parameter coefficients to yield elemental concentrations on a dry weight 180 basis (in g g -1 ) and with a counting error of 2 (95% confidence). Polyethylene 181 reference discs supplied by the manufacturer and certified for Sb 182 LOT#T-18) and Br were analysed at the beginning 183 and end of each 1-4 h sample measurement session, and spectra and elemental 184 concentrations arising from each session were subsequently downloaded to the laptop 185 using Niton data transfer (NDT) PC software. 186
187
For in situ measurements of permanent fixtures and objects too large to be contained 188 by the laboratory accessory stand, the XRF was used handheld and in situ. Here, the 189 nose was pressed firmly against the measurement surface, ensuring that the detector 190 window was completely covered and that there was sufficient shielding and/or 191 distance behind. The instrument was activated by the operator using the trigger 192 mechanism and the touch-screen control panel, and where possible a Thermo 193 Scientific backscatter collar shield was clipped on to the nose of the instrument. The 194 shield consists of tungsten-impregnated PVC that extends and tapers outwardly from 195 the propagation axis to a radius of about 10 cm and, while designed to lie proximate to 196 the material being inspected, has some degree of flexibility to conform to the contours 197 of irregularly-shaped surfaces. As above, reference discs were analysed at the 198 beginning and end of each measurement session while placed on a solid surface and 199 data were subsequently downloaded to the laptop via the NDT software. 200 201 with absolute concentration and thickness but that were always better than 20% (as 257 relative standard deviation) in both types of instrument application. Table 4 , while figure 3 illustrates some of the specific 293 products in which the XRF returned concentrations of the metalloid. Electronic 294 samples exhibited the highest mean and median concentrations and a concentration 295 range that spanned nearly three orders of magnitude. The highest individual 296 concentrations of about 50,000 g g -1 were encountered in a variety of white products, 297 including a multi-plug adaptor, telephone-modem connector, fan heater, central 298 heating thermostat and a number of collars around connectors of long-life light bulbs. 299
Sample digestion and analysis by ICP
All of these items were associated with concentrations of Br that were in excess of but 300 less than double the respective concentrations of Sb, but none of the items was PVC-301 based and only one contained detectable Cl. Other products containing Sb atconcentrations in excess of 10,000 g g -1 included a number of plugs and television 303 casings, a printed circuit board, several PVC wire insulators and a USB-connector 304 cover. These products did not always contain measurable Br and were a variety of 305 colours, but principally black or white. Items that contained concentrations of Br in 306 excess of 10,000 g g -1 but no measurable Sb included a games consol, several 307 printed circuit boards, remote controls and extension leads, and components of 308 various computer mouses. 
